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(54) DIGITAL BROADCASTING SYSTEM 

(57) A digital broadcasting system is obtained hav- 
ing simple facilities and circuit structure and capable of 
efficiently transmitting and receiving synchronized pic- 
tures and displaying them without applying a synchro- 
nizing process thereto. 

According to the digital broadcasting system, pic- 
ture signals respectively for the right eye and the left eye 
obtained from two synchronously operated cameras 
(13a, 13b) are converted to a nonirrterlace frame signal 
(picture data) by a frame memory unit (20) of the trans- 



mitting end. The picture data is compressed and modu- 
lated, and then transmitted to a communication satellite 
(8) over a transmission line of one channel. A transmis- 
sion signal supplied from the communication satellite 
(8) is demodulated and decoded, and then converted to 
picture signals for the right and left eyes by a frame 
memory unit (21) of the receiving end, and the con- 
verted signals are displayed on a stereoscopic display 
monitor (12) in a stereoscopic manner. 
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Description 

Technical Field 

[0001 ] The present invention relates to a digital broad- 
casting system, particularly to a digital broadcasting 
system having a compression processing circuit tor 
transmitting and receiving a plurality of pictures. 

Background Art 

[0002] A conventional system used for providing a 
broadcasting service regarding video pictures transmits 
the pictures over a transmission line of a single channel 
picture by picture, receives the transmitted pictures at a 
tuner picture by picture, and selects any picture to be 
displayed. 

[0003] In other words, the conventional broadcasting 
system mentioned above requires a transmission line of 
a single channel for each picture in order to simultane- 
ously transmit a plurality of pictures. 
[0004] In order to provide simultaneous transmission 
of two different pictures, for example, transmission lines 
of two channels are necessary, leading to a problem 
that the transmission lines occupy twice the band 
required for transmission of one picture. 
.., [0005] On the other hand, the receiving end requires 
two tuners for receiving these different pictures. 
[0006] Further, If the pictures are synchronized with 
each other, the receiving end needs to carry out a proc- 
ess for synchronizing the pictures that are separately 
received. 

[0007] A resultant problem is that the broadcasting 
service to be implemented for simultaneously providing 
two synchronized pictures has its facilities and circuit 
structure that are significantly complicate and large- 
scale, compared with the ordinary broadcasting service. 
[0008] Accordingly, the present invention aims to pro- 
vide a digital broadcasting system capable of efficiently 
transmitting and receiving pictures of two channels. 
[0009] The invention further aims to provide a digital 
broadcasting system which does not need a synchro- 
nizing process when synchronized pictures of two chan- 
nels are transmitted and received. 
[001 0] The invention still further aims to provide a dig- 
ital broadcasting system capable of achieving those 
aims with simple facilities and circuit structure. 

Disclosure of the Invention 

[001 1 ] According to the invention, a digital broadcast- 
ing system includes a picture processing circuit gener- 
ating picture data of one channel using a first picture 
signal and a second picture signal, a transmission cir- 
cuit compressing and modulating the picture data and 
then transmitting the picrture data, a reception circuit 
receiving the transmitted picture data, and demodulat- 
ing and expanding the picture data, and a picture repro- 



ducing circuit receiving the demodulated and expanded 
picture data to reproduce the first and second picture 
signals. 

[001 2] An advantage of the invention thus resides in 
5 efficient transmission and reception of two picture data 
over a transmission line of one channel. 

Brief Description of the Drawings 

io [0013] 



Fig 1 is a schematic block diagram illustrating an 
entire structure of an ordinary digital broadcasting 
system. 

Fig. 2 ts a schematic block diagram illustrating a 
structure of the transmitting end of a digital broad- 
casting system in the first embodiment 
Figs. 3A to 3C illustrate the processing of a frame 
memory unit of the transmitting end in the first 
embodiment. 

Fig. 4 is a schematic block diagram illustrating a 
structure of the receiving end of the digital broad- 
casting system in the first embodiment. 
Figs. 5A to 5C illustrate the processing of a frame 
memory unit of the receiving end in the first embod- 
iment. 

Fig. 6 is a schematic block diagram illustrating a 
structure of the transmitting end of a digital broad- 
casting system in the second embodiment. 
Fig. 7 is a schematic block diagram illustrating a 
structure of the receiving end of the digital broad- 
casting system in the second embodiment. 
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Best Modes for Carrying Out the Invention 
(First Embodiment) 

[0014] The present invention enables pictures of two 
channels to be transmitted and received over a trans- 
mission line of one channel by generating a noninter- 
lace frame signal of one channel (frame) from pictures 
of two channels (fields) taken according to the current 
interlace system (NTSC) in the digital broadcasting sys- 
tem. 

[0015] The embodiments presented below are 
described in relation to a stereoscopic broadcasting 
service requiring pictures for the right and left eyes 
respectively, that is implemented by employing as an 
example of the digital broadcasting system the one 
according to the 525 progressive scanning system 
(hereinafter referred to as a noninterlace digital broad- 
casting system) which is expected to be in increasing 
demand in the future. 

[0016] Details of such a noninterlace digital broad- 
casting system are found in, for example, "Development 
of CS Digital Broadcasting System Prototype for 525- 
Progresslve Scanning Signal" by Urano et al in Techni- 
cal Report of the Institute of Television Engineers of 
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Japan, Vol. 20, No. 13, pp. 25-30 published on February 
27, 1996. 

[0017] Rg. 1 is a schematic block diagram illustrating 
tor reference an example of a basic structure of such a 
nonirrterlace digital broadcasting system. The illustrated 
system uses a communication satellite as an example 
of the transmission system. The detailed specffications 
of each component described below are given by the 
above document and accordingly, the details are not 
herein described. 

[0018] Referring first to Fig. 1, the transmitting end in 
the nonirrterlace digital broadcasting system includes a 
nonirrtertace system camera 1 , a picture encoder 2. a 
sound collecting unit 4. a sound encoder 5 and a multi- 
plexing unit 3. 

[0019] Picture encoder 2 receives a picture signal 
obtained from a picture taken by nonirrterlace system 
camera 1 and encodes (compresses) it 
[0020] In the compression process, the picture signal 
is converted to a collection of pixel data (hereinafter 
referred to as block) produced by dividing the picture 
signal into the pixel data consisting of BX data in the 
horizontal direction and BY data in the vertical direction, 
and correlates them relative to each block and relative 
to blocks at the same position in the preceding and fol- 
lowing picture signals. 

[0021 ] Such a compression process is represented by 
the international standard MPEG2 defined by the coop- 
erative work group of MPEG (Moving Picture Expert 
Group) consisting of CCITT and ISO. 
[0022] Sound encoder 5 encodes (compresses) a 
sound signal obtained by sound collecting unit 4. 
[0023] Multiplexing unit 3 applies transmission line 
coding to the compressed picture signal and sound sig- 
nal, multiplexes and outputs them. 
[0024] A digital modulator 6 digitally modulates the 
multiplexed signal supplied from multiplexing unit 3 to 
output it to a satellite communication equipment 7. Sat- 
ellite communication equipment 7 transmits the signal 
to a communication satellite 8. 

[0025] Referring again to Fig. 1, a system of the 
receiving end includes a receiving antenna for satellite 
broadcasting 9. a nonirrterlace system adapted receiver 
10, and a noninterlace system adapted monitor 11. 
[0026] Receiving antenna for satellite broadcasting 9 
receives a transmission signal from communication 
satellite 8. 

[0027] Noninterlace system adapted receiver 10 
demodulates the transmission signal received by satel- 
lite broadcast receiving antenna 9 and decodes 
(expands) it based on MPEG2. 
[0028] Moninteriace system adapted monitor 1 1 dis- 
plays an output from noninterlace system adapted 
receiver 10. 

[0029] Rg. 2 is a schematic block diagram illustrating 
a basic structure of the transmitting end of a digital 
broadcasting system according to the first embodiment 
of the invention that can provide the stereoscopic broad- 



casting service by employing the noninterlace digital 
broadcasting system described above. The compo- 
nents common to the structure of Rg. 2 and the ordinary 
digital broadcasting system already shown in Fig. 1 are 

5 referred to by the same reference numerals and charac- 
ters, and description thereof is not repeated here. 
[0030] A system structure of the transmitting end of 
the noninterlace digital broadcasting system in the first 
embodiment of the invention and its operation are first 

to described. 

[0031] Referring to Fig. 2, the transmitting end of the 
nonirrterlace digital broadcasting system in the first 
embodiment of the invention employs interlace system 
cameras 13a and 13b as input devices for pictures. 

is [0032] The two interlace system cameras 1 3a and 13b 
are operated in synchronization with each other for tak- 
ing a stereoscopic picture. A picture signal R for the 
right eye is supplied from interlace system camera 13a 
and a picture signal L for the left eye is supplied from 

20 interlace system camera 13b. 

[0033] A frame memory unit 20 of the transmitting end 
receives at its input the picture signal R for the right eye 
and the picture signal L for the left eye obtained by inter- 
lace system cameras 1 3a and 1 3b respectively. 

25 [0034] Frame memory unit 20 of the transmitting end 
writes the picture signal R for the right eye into one of 
two field memories (not shown) of the transmitting end 
and writes the picture signal L for the left eye into the 
other field memory. Frame memory unit 20 then reads 

30 field data (the written right eye picture signal R and left 
eye picture signal L) from respective field memories of 
the transmitting end at a rate twice the writing fre- 
quency. 

[0035] The signals are read in the order, for example, 
35 that the right eye picture signal R (or the left eye picture 
signal L) corresponding to one field is first read from one 
field memory of the transmitting end, and next the left 
eye picture signal L (or the right eye picture signal R) 
corresponding to one field is read from the other field 
40 memory of the transmitting end. 

[0036] The number of effective pixels of an interlace 
field signal (picture signal R for the right eye and picture 
signal L for the left eye), horizontal sync frequency FH. 
and vertical sync frequency FR are defined here for a 
45 specific description below, for example, as 704 pixels in 
the horizontal direction x 240 pixels in the vertical direc- 
tion, about 15.75kHz (15.75/1 .001kHz). and about 60 Hz 
(60/1 .001 Hz) respectively. 

[0037] Specifically, the writing frequency and the read- 
so ing frequency are defined as FH and (2 x FH) respec- 
tively 

[0038] According to the format of picture data DATA 
obtained by the reading process, the number of effec- 
tive pixels is 704 in the horizontal direction x 480 in the 
55 vertical direction, the horizontal sync frequency is 
approximately 31.5kHz (31.5/l.001kHz), and the verti- 
cal sync frequency is approximately 60Hz (60/1 .001 Hz). 
This format corresponds to the format of a standard 
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nonintertace frame signal. 

[0039] Fig. 3 illustrates the processing of frame mem- 
ory unit 20 of the transmitting end in the first embodi- 
ment of the invention, with Fig. 3A showing a structure 
of picture data DATA, Fig. 3B showing a structure of pic- $ 
ture signal R for the right eye, and Fig. 3C showing a 
structure of picture signal L for the left eye. 
[0040] In Fig. 3A, pixel data G (l, J) represents pixel 
data corresponding to the horizontal number I (I = 1 - 
704) and the vertical number J (J== 1 - 480) constituting 
picture data DATA. 

[0041 ] The region of the matrix formed of pixel data G 
(I. J) corresponding to I = 1 - 704 and J = 1 - 240 
(referred to simply as a first region) is formed of picture 
signal R for the right eye, and the region corresponding 
to I = 1 - 704 and J = 241 - 480 (refereed to as a second 
region) is formed of picture signal L for the left eye. 
[0042] As clearly shown in Figs. 3A to 3C, frame mem- 
ory unit 20 of the transmitting end converts interlace 
field signals of two fields (right eye picture signal R and 
left eye picture signal L) to a nonintertace frame signal 
of one frame (picture data DATA). 
[0043] Further, the interlace field signals constituting 
picture data DATA each maintain its original structure as 
a single signal, as dearly shown in Figs. 3A to 30. 
[0044] When picture data DATA is compressed, pic- 
ture signal R tor the right eye and picture signal L for the 
left eye are simultaneously compressed. Accordingly, 
picture data DATA supplied from field memory unit 20 of 
the transmitting end is efficiently compressed in picture 
encoder 2. 

[0045] It is noted that the same effect is achieved even 
if left eye picture signal L is arranged in the first region 
and right eye picture signal R is arranged in the second 
region. 

[0046] Each circuit following picture encoder 2 oper- 
ates as described in relation to Fig. 1 . 
[0047] Consequently, a noninterlace frame signal (pic- 
ture data DATA) of one frame formed of picture signals 
of two fields is transmitted to communication satellite 8 
over a transmission line of a single channel. 
[0048] A system structure of the receiving end of the 
noninterlace digital broadcasting system in the first 
embodiment of the invention and its operation are next 
described. 

[0049] Fig. 4 is a schematic block diagram illustrating 
a basic structure of the receiving end of the noninterlace 
digital broadcasting system according to the first 
embodiment of the invention, in which the components 
identical to those in Fig. 1 have the same reference 
numbers and characters, and description thereof is not 
repeated here. 

[0050] Referring to Fig. 4, at the receiving end of the 
noninterlace digital broadcasting system in the first 
embodiment of the invention, picture data DATA of one 
channel transmitted from communication satellite 8 is 
received by a receiving antenna for satellite broadcast- 
ing 9 and demodulated and decoded by a noninterlace 



system adapted receiver 1 0. as already described with 
reference to Fig. 1 . According to the invention, noninter- 
lace system adapted receiver 10 is internally provided 
with an interface function for digitally outputting picture 
data DATA as it is. 

[0051] A frame memory unit 21 of the receiving end 
receives picture data DATA demodulated and decoded 
by noninterlace system adapted receiver 10, and writes 
it into two field memories (not shown) of the receiving 
end. 

[0052] Specifically, among pixel data constituting pic- 
ture data DATA, pixel data of the first region (e.g. picture 
signal R for the right eye if picture data DATA shown in 
Fsgs. 3A to 3C is received) is written into one field mem- 
ory of the receiving end, and pixel data of the second 
region (e.g. picture signal L for the left eye) is written 
into the other. 

[0053] Field data (the written right eye picture signal R 
and left eye picture signal L) are respectively read from 
two field memories of the receiving end at the same tim- 
ing and half the rate of the writing frequency. 
[0054] Specrfically, the writing frequency is (2 x FH) 
and the reading frequency is FH according to the exam- 
ple presented above. 

[0055] Figs. 5A to 5C illustrate the processing of frame 
memory unit 21 of the receiving end in the first embodi- 
ment of the invention, with Fig. 5A showing a structure 
of picture data DATA, Fig. 5B showing a structure of pic- 
ture signal R for the right eye, and Fig. 5C showing a 
structure of picture signal L tor the left eye. 
[0056] Figs. 5A to 5C dearly show that frame memory 
unit 21 of the receiving end converts picture data DATA 
transmitted over a single channel transmission line to 
picture signal R for the right eye and picture signal L for 
the left eye. 

[0057] Specifically, frame memory unit 21 of the 
receiving end converts a noninterlace frame signal of 
one frame to an interlace field signal format to repro- 
duce picture signals of two fields (right eye picture sig- 
nal R and left eye picture signal L). 
[0058] Picture signal R for the right eye and picture 
signal L for the left eye are then converted to analog sig- 
nals by a D/A converter (not shown) if necessary, and 
input to a stereoscopic display monitor 12. 
[0059] Examples of stereoscopic display monitor 12 
are of various types (e.g. the one using eyeglasses of 
the liquid crystal shutter system, "display screen repro- 
duction system" without using eyeglasses, and the like). 
[0060] So long as two interlace system cameras 13a 
and 13b operate in synchronization with each other, 
both of picture signal R for the right eye and picture sig- 
nal L for the left eye supplied to stereoscopic display 
monitor 12 are always picture signals obtained from pic- 
tures that are simultaneously taken. 
[0061 ] Therefore, when a stereoscopic picture is to be 
displayed on stereoscopic display monitor 12, a syn- 
chronizing process for right eye picture signal R and left 
eye picture signal L is unnecessary. 
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[0062] The number of effective pixels used for the pur- 
pose of description in the first embodiment of the inven- 
tion is based on the standard value, and any other 
number of pixels is applicable. Any other values of the 
horizontal sync frequency and the vertical sync fre- 
quency are also applicable. 

[0063] The compression efficiency would be 

enhanced if the number of effective pixels is defined as 
any multiple of integer of the minimum block unit for pic- 
ture compression (e.g. 8 pixels x 8 pixels when the 
MPEG standard is employed as a compression sys- 
tem). 

(Second Embodiment) 

[0064] According to the second embodiment of the 
invention, an effect achieved when the invention is 
applied to a broadcasting service (except for the stereo- 
scopic broadcasting service) that provides two pictures 
synchronized with each other is described. It is noted 
that the noninterlace digital broadcasting system shown 
in Fig. 1 is used as one example of the digital broadcast- 
ing system for the purpose of description, similarly to 
the first embodiment. 

[0065] Fig. 6 is a schematic block diagram illustrating 
a basic structure of the transmitting end of a noninter- 
lace digital broadcasting system in the second embodi- 
ment of the invention, in which the invention is applied to 
the broadcasting service which provides two pictures 
synchronized with each other. Those components iden- 
tical to those of the noninterlace digital broadcasting 
system already shown in Fig. 1 have the same refer- 
ence numbers and characters, and description thereof 
is not repeated here. 

[0066] A system structure of the transmitting end of 
the noninterlace digital broadcasting system in the sec- 
ond embodiment of the invention and its operation are 
first described. 

[0067] Referring to Fig. 6. the transmitting end of the 
noninterlace digital broadcasting system in the second 
embodiment of the invention employs interlace system 
signal generating units 14a and 14b (e.g. VTR. camera, 
or the like) as an input device for pictures. 
[0068] Interlace system signal generating units 14a 
and 14b are synchronously operated to output picture 
signals. A picture signal A1 is output from interlace sys- 
tem signal generating unit 1 4a and a picture signal A2 is 
output from interlace system signal generating unit 1 4b. 
[0069] A frame memory unit 20 of the transmitting end 
receives at its input picture signals A1 and A2 obtained 
by interlace system signal generating units 14a and 14b 
respectively. 

[0070] Frame memory unit 20 of the transmitting end 
writes picture signal A1 into one of two field memories 
(not shown) of the transmitting end and writes picture 
signal A2 into the other field memory, and reads them at 
twice the rate of the writing frequency, as described in 
the first embodiment. The order of reading follows the 



same manner as that described in the first embodiment. 
[0071 ] Specif icaliy, frame memory unit 20 of the trans- 
mitting end converts interlace field signals of two f iaJds 
(picture signal A1 and picture signal A2) into a noninter- 

5 lace frame signal of one frame (picture data DATA). 
[0072] The noninterlace frame signal of one frame is 
efficiently compressed by a picture encoder 2 as 
described in the first embodiment and thereafter proc- 
essed by circuits of the subsequent stages to be trans - 

io mittad to a communication satellite 8 over a 
transmission line of a single channel. 
[0073] A system structure of the receiving end of the 
noninterlace digital broadcasting system in the second 
embodiment of the invention and its operation are next 

is described. 

[0074] Fig. 7 is a schematic block diagram illustrating 
a basic structure of the receiving end of the noninterlace 
digital broadcasting system in the second embodiment 
of the invention, in which the components identical to 

20 those of the digital broadcasting system already shown 
in Fig. 1 have the same reference numerals and charac- 
ters and the description thereof is not repeated. 
[0075] Referring to Rg. 7, at the receiving end of the 
noninterlace digital broadcasting system in the second 

2S embodiment of the invention, picture data DATA of one 
channel transmitted from communication satellite 8 is 
received by a receiving antenna for satellite broadcast- 
ing 9, and demodulated and decoded by a noninterlace 
system adapted receiver 10 as already described with 

30 reference to Fig. 4. 

[0076] A frame memory unit 21 of the receiving end 
receives picture data DATA which is demodulated and 
decoded by noninterlace system adapted receiver 10, 
and writes it into two field memories (not shown) of the 

35 receiving end as described already in the first embodi- 
ment. The frame memory unit then reads field data 
(written picture signals A1 and A2) from respective two 
field memories of the receiving end respectively at the 
same timing and half the rate of the writing frequency 

40 [0077] Frame memory unit 21 of the receiving end 
thus converts picture data DATA transmitted on a trans- 
mission line of a single channel into picture signals Al 
and A2. 

[0078] Specifically, frame memory unit 21 of the 
45 receiving end converts a noninterlace frame signal of 
one frame to an interlace field signal format to repro- 
duce picture signals of two fields (picture signals A1 and 
A2). 

[0079] A switching unit 22 receives these picture sig- 
so nals A1 and A2, and switches them to output one of 
them. 

[0080] Picture signal A1 or picture signal A2 selected 
by switching unit 22 is supplied to a display monitor 23. 
[0081 ] The switching by switching unit 22 can be done 
55 arbitrarily by the user. 

[0082] Accordingly, in the relay broadcasting of a 
baseball game, if a picture taken from the backstop side 
(picture signal A) and a picture taken from the outfield 
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side (picture signal B) are provided to the user using the 
non interlace digital broadcasting system of the inven- 
tion, the user can appropriately select from different pic- 
tures that are simultaneously presented, via switching 
unit 22, any picture (picture signal A1 or picture signal 5 
A2) which the user wants to watch. 
[0083] Therefore, a program selected by the user can 
be displayed immediately without switching of the chan- 
nel. Various broadcasting services can thus be provided 4. 
at a higher speed. 10 
[0084] According to the invention, picture signals of 
two channels obtained from pictures taken according to 
the interlace system are converted to picture data of 
one channel to be compressed and transmitted, so that 
the picture signals of two channels can be transmitted 15 
and received efficiently over a transmission line of one 5. 
channel as described above. 

[0085] Further, the picture signals of two channels are 
transmitted and received as the picture data of one 
channel, so that a synchronizing process for the picture 20 
signals of two channels is unnecessary in the monitor- 
ing operation. 

[0086] Both of the transmitting and receiving ends can 
be implemented with simple facilities and circuit struc- 
ture similar to those of the conventional digital broad- 25 6. 
casting system. 

Claims 

1. A digital broadcasting system comprising: 30 

picture processing means (20) for generating 
picture data of one channel using a first picture 
signal and a second picture signal; 
transmission means (2, 3, 6, 7) for compress- 35 
ing and modulating said picture data and trans- 
mitting resultant picture data; 
reception means (9, 10) for receiving said 
transmitted picture data and demodulating and 
expanding said picture data; and 40 
picture reproducing means (21) for receiving 
said demodulated and expanded picture data 
to reproduce said first picture signal and said 
second picture signal. 

45 

2. The digital broadcasting system according to claim 

1, wherein said picture processing means (20) 
includes: 

memory means for storing said first picture sig- so 
nal and said second picture signal respectively; 
and 

processing means for reading said stored first 
picture signal and second picture signal to gen- 
erate said picture data of one channel. 55 

3. The digital broadcasting system according to claim 

2, wherein 



said picture data is formed of a plurality of pixel 
data arrayed in a matrix form in horizontal and 
vertical directions, and 

said processing means divides said array into 
two blocks, with one of said blocks formed of 
said first picture signal and the other of said 
blocks formed of said second picture signal. 

The digital broadcasting system according to claim 
3, wherein said two blocks correspond respectively 
to pixel data of an upper half of said array and pixel 
data of a lower half of said array in the matrix form 
of said plurality of pixel data constituting said pic- 
ture data. 

The digital broadcasting system according to any of 
claims 1 to 3, wherein 

said first picture signal and said second picture 
signal are respectively field signals of an inter- 
lace system, and 

said picture data is a frame signal of a noninter- 
lace system. 

The digital broadcasting system according to claim 
1 , wherein one of said first picture signal and said 
second picture signal is a picture signal for the right 
eye and the other of them is a picture signal for the 
left eye that are reproduced by said picture repro- 
ducing means (21) and then supplied to a monitor 
(12) for stereoscopic broadcasting. 
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